Purpose In the Baltic Sea, the reduction of mercury load is estimated to be 44 % compared to the end of the previous century. Confirmation of mercury load decrease is frequently based on sedimentary mercury profiles. This study aims to assess the inter-annual changes of mercury concentration and the net input in surface sediments, in order to assess the effect of decreased emissions and other processes. Materials and methods Surface sediments were collected in 2011-2013 from areas where existing data series were available. Sediments were freeze dried, and total mercury concentrations, loss on ignition and fine fraction content were analysed. We compared recent concentrations of mercury in the coastal zone of the Baltic Sea to values previously reported in the same area since 1993. Net mercury deposition in the analysed sediments and previously reported data were calculated. The observed variability was correlated to climaterelated processes and input changes. Results and discussion Three studied areas-major river mouth, shallow bay and offshore area-were significantly different in terms of sediment type and mercury concentration. Total mercury concentrations in the study area in 2011-2013 ranged between 2 and 260 ng g −1 dry weight (dw) (mean 61 ng g −1 dw; median 36 ng g −1 dw). Nearly 75 % of the obtained results did not exceed 50 ng g −1 dw, while concentrations >200 ng g −1 dw accounted for a little over 5 % of all the obtained results. Mercury input calculated for the area was much smaller than that recorded for the 1990s, but was characterised with large inter-annual variability, attributed to climate-related processes.
Introduction
The Baltic Sea is an inland sea with a limited water exchange with the North Sea, which explains why the main sources of mercury in this sea are rivers, transporting pollutants from the drainage area, and atmospheric deposition. Owing to the high toxicity of mercury and the fact that its primary source for humans is fish/seafood (Jackson 1998; Boening 2000) , a number of initiatives have been undertaken with a view to reducing the emission of this metal into the Baltic. As a result of these, the metal load has dropped by 44 % since the 1990s (HELCOM 2010) .
Mercury, like other heavy metals that reach the surface water of the Baltic, is deposited on seabed sediments. The Baltic Sea, being a basin with a limited water exchange, surrounded by industrialised areas, is characterised by a significant enrichment of the surface layers of the sediment with mercury and other trace metals (Beldowski and Pempkowiak 2009; Uścinowicz et al. 2011) . Seabed sediments were once Responsible editor: Carolyn Oldham * Jacek Bełdowski hyron@iopan.gda.pl considered to be the ultimate deposition site for mercury, which does not pose an environmental threat when in the stable HgS form (WHO 1990) . However, as a result of a series of biotic and abiotic processes, the metal can become remobilised from the sediment surface (Bełdowski and Pempkowiak 2007, 2009; Bełdowski et al. 2009 ). The mercury released into pore water and near-bottom water can become accumulated in benthic organisms and biomagnified in subsequent links of the trophic chain, posing the greatest threat to marine mammals, aquatic birds and humans (Jackson 1998) . Mercury released from sediments into water through its transformation into the gaseous form can also be emitted into the air, which is of particular importance in the mercury budget in coastal areas (Bełdowska et al. 2008 ).
In the coastal zone, fine-grained material is relocated as a result of wind mixing and can adsorb mercury released into the water column and be transported, through a cycle of multiple phases of sedimentation and resuspension, into areas where sediments are accumulated Emeis et al. 2002) .
In the second half of the twentieth century, concentrations of trace metals in sediments were normally associated with the occurrence of potent local sources of this metal. Now that mercury emission has been considerably limited, the level of mercury concentration in surface sediments is determined not only by human activity but also by the increasing influence of biogeochemical processes. The transformations of mercury in bottom sediments remain in a delicate balance. One of the main transformations is an early diagenesis of organic matter, resulting in fulvic acids turning into humic acids and then into the insoluble humins (Pempkowiak 1997) . Another one is the reduction of sulphates into sulphides (Pempkowiak 1997) under the anaerobic conditions which are present in deeper layers of sediment. The mercury bound to these sediment fractions becomes stabilised, either in the insoluble humins or in the form of mercury sulphide (Jackson 1998) . These transformations, however, can be reversed, depending on environmental conditions, during the decomposition of labile organic matter or the oxidation of mercury sulphides and other metals to sulphates, and the mercury contained within them can be released into pore water (Wallschläger et al. 1998; Beldowski and Pempkowiak 2009 ). The environmental conditions which control processes in seabed sediments are, among others, temperature, inflow of organic matter or oxygen concentration in the near-bottom water; their values are hence directly connected to climate changes in the Baltic Sea region. Because of this, a hypothesis has been formulated that the mercury concentration changes in the surface layer of the sediments in the Gdansk Basin are only partially related to the limited emission of this metal into the environment. Significant factors influencing their variability are the processes of metal exchange taking place in the near-bottom zone, as well as episodes of extreme natural phenomena introducing sizeable mercury loads into the basin over a short time period.
Materials and methods
The research was carried out in the Gdansk Basin area, located in the south-eastern part of the Baltic Sea (Fig. 1) . The basin in this area has an average depth of about 50 m and is shaped like a pan, regularly increasing in depth and reaching 118 m at the deepest area at the centre of the Gdansk Deep (Majewski 1990) . The sediments of the Gdansk Basin are diverse in character and distribution, which is related mainly to the depth of the basin and the shape of the coast. In the shallow area of the Gdansk Basin, hydrodynamic processes make permanent deposition of fine-grained sediments impossible, and the prevailing sediment types are sand and gravelly sand. Medium and fine silts are usually found below the pycnocline (about 60 m), covering wide areas of the bottom in the deep water area of the basin (Jankowska and Łęczyński 1993; Uścinowicz et al. 2011) .
Sixteen test stations were set up in the Gdansk Basin region (Fig. 1) . The study region was divided into three study areas: the centre of the Gulf of Gdansk, the Vistula River mouth and the Puck Bay. The test stations in the mouth of the Vistula (VM1, VM2, VM3 and VM4) are located where there is a direct flow of mercury originating on land. The Vistula is the second largest river (after the Neva) discharging into the Baltic Sea-the average multiannual discharge is 1081 m 3 s −1 . Its catchment area, stretching across 194,000 km 2 , accounts for 12 % of the drainage area of the Baltic Sea (HELCOM Fig. 1 Location of sampling sites. VM stations denote Vistula mouth Region, PB stations represent the Puck Bay, while GB stations are located in offshore Gdańsk Basin 2004). Eight stations were placed in the region of the Puck Bay, which is relatively shallow (on average 15.5 m) ( Fig. 1 ) and where water exchange is vastly limited.
Several places located in this region are attractive for tourists: Gdynia (250,000 inhabitants), Rewa (900 inhabitants), Puck (11,500 inhabitants), Wladyslawowo (15,300 inhabitants), Chałupy (370 inhabitants), Jastarnia (4000 inhabitants) and Hel (3800 inhabitants). This region is visited every year by about two million tourists (GUS 2014 ) (Cyberski 1993) . In terms of the air, electrical power and heat plants, where coal and coke are incinerated, together with numerous home hearths, represent a significant source of mercury.
Samples of surface sediments were collected between 2011 and 2013 in different seasons during 11 research trips on board the sail yacht Oceania and the hydrographic survey ship Oceanograf-2. In 2011, five trips were undertaken (in April, July, September, October and November), in 2012 there were four (in January, March, May and September), and the final two trips were in 2013 (in February and April). Samples of surface sediments were collected using a box corer without distorting the original stratification or structure of the sediments. The upper layer of the sediment, 1-cm thick, was taken for analysis, having been separated using a Teflon spatula. The sediments were placed in polyethylene Ziploc bags and preserved at a temperature of −20°C until analysis.
Preparing samples for analysis involved lyophilizing the sedimentary material, and then homogenising it in a ball mill using an agate shell. Total mercury concentration (Hg TOT ) in surface sediments was assayed using the atomic adsorption spectroscopy method, in an AMA245 mercury analyser (Plzen, Czech Republic) after thermal decomposition in pure oxygen. The quality check of the method involved repeating the analysis of the studied samples five times and analysing the certified reference material (GBW 07314-offshore marine sediment). The method had a high recovery level (98 %), while the relative standard deviation was no higher than 5 %. Limit of quantification was 0.005 ng g
Additionally, subsamples of sediment were collected each time in order to determine its basic parameters-wetness, granulation and proportion of organic matter. The granulometric composition of the sediments was determined using sieve analysis. The size fractions were determined using Udden's classification (1914) , as modified by Wentworth (1922) . The proportion of organic matter in the sediment was determined using loss on ignition (LOI) at 550°C, accepted to be optimal for Baltic sediments (Ciborowski 2010) .
The obtained results for Hg TOT (ng g −1 dry weight (dw))
were also presented as values normalised in relation to the percentage of the fine-grained sediment fraction (<0.063 mm in diameter; Hgφ; ng g −1
), and to the proportion of organic matter (Hg LOI ; ng g −1 ) (Bełdowski and Pempkowiak 2007) :
The net input of mercury into surface sediments was calculated using the following formula (Bełdowski et al. 2009 ):
where, ΔHg TOT is the mercury input into the sediment (ng year −1 cm 2 ), ω is the sediment accumulation rate (mm year ). Data concerning the rate of sediment accumulation in particular areas of the Gdansk Basin-the Vistula River mouth and the central part of the Gdansk Deep, estimated using the lead-210 dating method-were taken from studies conducted by Bełdowski and Pempkowiak (2007) , Suplińska and Pietrzak-Flis (2008) , Damrat et al. (2013) and Szmytkiewicz and Zalewska (2014) . The density of the sediment used for the calculations was 2.55 g cm −3 for sandy sediments and 2.45 g cm −3 for sandy-silty sediments (Jankowska and Łęczyński 1993) . The mean wetness of bottom sediments was assumed on the basis of data found in the literature.
Statistical analysis and graphic representation of the obtained results were conducted using the STATISTICA 10 programme by StatSoft. Owing to a limited number of samples, the analysed results were not characterised by a normal distribution (Shapiro-Wilk test, p<0.05). In order to determine the significance of the differences, the nonparametric KruskalWallis ANOVA test was used. Dependences between the analysed variables were determined on the basis of the Spearman correlation coefficient at a confidence interval of 95 %.
Results and discussion
Total mercury (Hg TOT ) concentrations in samples of surface sediments collected in the region of the Gdansk Basin in 2011-2013 ranged between 2 and 260 ng g −1 dw (mean 61 ng g −1 dw; median 36 ng g −1 dw). Nearly 75 % of the results did not exceed 50 ng g −1 dw, while concentrations >200 ng g −1 dw accounted for a little over 5 % of all the results (Fig. 2 ). There were statistically significant differences between the concentrations of the metal between particular study areas: the centre of the Gulf of Gdansk, the Vistula River mouth and the Puck Bay (Kruskal-Wallis test, p=0.006). The spatial variability of Hg TOT concentrations in surface sediments in all studied regions of the Baltic Sea was mainly related to the type of sediment found at a given station. Average grain size decreases with the distance from the coast-from the Puck Bay (medium sands) towards Vistula mouth (fine sands and coarse silts) and centre of the Gulf (fine silts). The fine-grained fraction and organic matter content in the sediment are among the most important factors determining the affinity of the sediment grains to metal ions. This is related mainly to the fact that the specific surface area of ultra-fine sediments is larger than that of sandy sediments, allowing for greater mercury adsorption. The enrichment of fine-grained particles with organic matter had a positive influence on their ability to bind and complex metals (Bełdowski and Pempkowiak 2007) . This is confirmed by statistically significant correlations between metal concentration and the proportions of the sediment fraction <0.063 mm in diameter (R Spearman=0.81, p=0.05) and organic matter content (R Spearman=0.79, p=0.05) ( Table 1) .
Similar dependencies have also been observed in numerous studies both in the case of the Southern Baltic (e.g. Bełdowski and Pempkowiak 2007; Saniewska et al. 2010) , and other basins of the world (e.g. Fitzgerald and Lamborg 2003; Hortellani et al. 2005; Lafabrie et al. 2011) . It was also observed that the concentration of the metal increased with distance from the shore and hence the depth of the basin (R Spearman=0.77, p=0.05) ( Table 1 ). The depth of the basin had a significant influence on the conditions in the sedimentation environment, such as transportation and sediment material deposition. In the Baltic, higher mercury mobility was observed in shallow water sediments compared with areas of accumulation (Bełdowski et al. 2009 ). With increasing depth, and thus weakening of the dynamics of the environment, surface sediments were characterised by a greater proportion of the components responsible for the sorption of mercury.
River Vistula mouth
In the region of the River Vistula mouth, mercury concentrations in the surface sediments were much lower than in the central part of the Gulf of Gdansk; Hg TOT concentration medians in the sediments obtained for a set of tests for the particular stations ranged from 9 ng g −1 dw (VM4) to 130 ng g −1 dw (VM3) and, as in the central part of the basin, did not show statistically significant differences for the particular stations (Kruskal-Wallis test, p=0.11) (Fig. 3a) . The obtained values were comparable to concentrations found in this region in 1999-2002, which ranged from 6 to 111 ng g −1 dw (Bełdowski and Pempkowiak 2007) . Raised mercury values in 2010-2012 were caused by a flood on the Vistula in 2010, which was the largest flood in 160 years. At that time, more than a megagramme of mercury-polluted suspension was introduced into the Gulf of Gdansk with river water and was partly deposited in the area where the VM stations are located, Hg TOT is the total mercury concentrations (ng g −1 dw), depth is the water depth (m), φ<0.063 mm is the fine fraction content (%), LOI is the loss on ignition (%) and W is the wetness of sediments (%) which could have resulted in raised metal concentrations in surface sediments (Zajaczkowski et al. 2010; Bełdowski et al. 2014; Saniewska et al. 2014 ). This phenomenon has been confirmed by studies conducted by Saniewska et al. (2014) .
In sediments collected in the Vistula River mouth area, the sandy fraction prevailed. The proportion of grains <0.063 mm in diameter in surface sediments at the stations in this area ranged from 0.1 to 22 % (mean 4 %), while at the VM1, VM2 and VM4 stations it did not exceed 6 % (mean 2 %); only in the area of station VM3 did it amount to 20 % on average. The wetness of the sediments in this region ranged from 18 to 73 % (mean 32 %), while organic matter content did not exceed 0.2-16 % (mean 2 %).
The increase in the Hg TOT concentration in sediments located further away from the coast (VM3 and VM1) reflects the transportation of Vistula-borne material which is deposited in the area of undisturbed sedimentation Bełdowski 2004) . The concentrations of this metal, normalised to the content of the fine-grained sediment fraction (Hgφ), decreased with the distance from the river mouth (Fig. 3b) , perhaps resulting from the fact that the river-borne, fine-grained material, rich in mercury, mixed with material with a lower pollutant content, thus becoming Bdiluted ( Bełdowski and Pempkowiak 2007) . A similar tendency was observed in the case of Hg LOI concentration, which indicates a drop in the proportion of mercury bound to organic matter as the distance from the river mouth increased. Mercury speciation analysis in surface sediments in the Vistula River mouth area confirms the drop in the proportion of mercury forms bound to organic substances, such as fulvic and humic acids, with a simultaneous increase in the proportion of the sulphide and residual fractions, as the distance from the river mouth increases (Bełdowski 2004 things, the labile mercury forms becoming remobilised into the water column (Wallschläger et al. 1998 ).
Shallow Puck Bay
Mercury concentrations in the sediments of the Puck Bay had the widest range of all the study areas, ranging from 2 ng g (Fig. 4a) . The values measured in the previous years ranged from 18 to 422 ng g −1 dw (Boszke 1999; Bełdowski 2004; Bełdowski and Pempkowiak 2007; Uścinowicz et al. 2011) . The decrease in mercury concentrations in the surface layer of the sediments in the basin compared to previous years may testify to an improvement in the condition of the environment, resulting from, among other factors, limited mercury emission from local sources. The reduction in sediment pollution of the Puck Bay may have been influenced by, for example, the modernisation and extension of the sewage treatment plant and the water supply and sewer system in the Pomeranian province. The extensive development of wind power farms in the coastal strip of the Puck Bay over the last decade could also have affected the reduction of metal emission into the environment. The surface sediments collected in the Puck Bay region were sandy in character, and the proportion of grains <0.063 mm ranged between 0.1 and 42 % (mean 7 %). The wetness of surface sediments of the Puck Bay was 19-85 % (mean 39 %), while the proportion of organic matter in sediments was within the range of 0.3-17 % (mean 5 %). Hgφ concentrations that were distinctly higher than Hg LOI (Fig. 4b ) may testify to an input of inorganic mercury from anthropogenic sources (Daskalakis and O'Connor 1995) . The results of metal speciation analyses in surface sediments of the coastal area of the basin point to a prevailing proportion of the sulphide and residual fractions (Bełdowski and Pempkowiak 2007) . The shallow depth of the Puck Bay and thus the relatively good oxygen conditions make it impossible for these mercury forms to be formed in surface sediments-therefore, their presence suggests an inflow from the land (Jackson 1998; Bełdowski 2004 ). Anthropogenic influences become evident particularly in the areas of stations PB1, PB2 and PB5 where the concentration of mercury bound to the fine-grained fraction was found to be the highest among the studied stations (Fig. 4b) and at the same time much higher than the concentration normalised to the organic matter content.
Area of accumulation-central part of the Gulf of Gdansk
The highest mercury concentrations in the surface sediments of the Gdansk Basin were found in its central part (stations GB1, GB2, GB3 and GB4). The medians of Hg TOT concentrations in sediments from a set of tests from particular stations ranged from 41.4 (GB1) to 134 ng g −1 dw (GB4), while the values obtained at particular test stations were not characterised by statistically significant differences (KruskalWallis test, p=0.54) (Fig. 5a) . These values were lower than those determined in the 1990s, which ranged from 2 to 680 ng g −1 dw (Kannan and Falandysz 1998; Pempkowiak et al. 1998) and from data from the first decade of the twentyfirst century, which ranged from 74 to 240 ng g −1 dw (Bełdowski and Pempkowiak 2003, 2007; Bełdowski 2004) . The decrease in the concentration of the metal in this region is probably the result of a lower mercury emission and a consequential drop in mercury being deposited from the atmosphere Median; Box: 25%-75%; Whisker: Non-Outlier Range and run-off from the drainage area (HELCOM 2010; Bełdowska et al. 2014 ).
In the central part of the Gdansk Basin, the surface sediments were sandy-silty in nature, while the proportion of the ultra-fine fraction ranged from 7 to 27 % (mean 17 %). The wetness of surface sediments in this region ranged from 38 to 90 % (mean 75 %), while the proportion of organic matter ranged from 3 to 40 % (mean 16 %).
The highest concentrations of mercury were found in the area of the western incline of the Gdansk Deep (GB4), where polluted sediment flows in from other regions of the Baltic such as the Bay of Pomerania, as indicated by the near-bottom currents coming from the direction of the Słupsk Trough (Piechura et al. 1997; Bełdowski and Pempkowiak 2007) .
The concentration of mercury, normalised to organic matter (Hg LOI ), was higher than the concentration of mercury normalised to the fine fraction content (Hgφ) at all stations in the open part of the Gulf of Gdansk, a fact which indicates an input of metal bound to organic matter, e.g. of autochthonic origin (Fig. 5b ). An exception was a station located in the centre of the Gdansk Deep (GB2), where the concentration of Hg LOI was much lower than Hgφ. This indicated a large proportion of mercury forms unbound to organic substances. This region is characterised by the relatively slow speed of near-bottom currents (Bełdowski et al. 2009 ) and, thus, limited sediment resuspension. Taking into account the frequent occurrence of anoxia in this region and long residence time of sediments, the diagenesis of organic matter can occur without interruptions, which leads to both a reduction in the concentration of the labile fractions of organic matter and the formation of mercury sulphide in reductive conditions (Jackson 1998; Bełdowski 2004 ). The process is not reversible as in the shallower parts of the Gdansk Deep, where oxygen concentration increases and mercury sulphide becomes oxidised to soluble sulphates, and there is also no transportation of labile organic matter from other areas of the Baltic, as on the western incline of the Deep. The highest mercury concentration in the fine-grained fraction and LOI were found at two stations: GB3 (1070 and 1264 ng g −1 dw, respectively) and GB4 (1072 and 1144 ng g −1 dw, respectively). These stations are directly influenced by large rivers: station GB3 is an accumulation place of fine-grained material from the River Vistula, while station GB4 is located en route of seawater flowing in from the North Sea which periodically transports finegrained material from the Bay of Pomerania, originating in the River Oder (Piechura et al. 1997) .
Temporal variability of mercury concentrations and its inflow into sediments
The considerable decrease of Hg TOT concentrations in the sediments of the Southern Baltic in 1991-2013 was mostly related to the reduced usage and emission of mercury and, as a consequence, a smaller inflow of this metal into the Baltic, a fact which is widely described in HELCOM reports (2004, 2010) . Consequently, the input of mercury (ΔHg TOT ) was much smaller at the beginning of the twenty-first century than it had been at the end of the twentieth century. An additional factor influencing the drop in mercury concentrations in the surface layer of sediments is the change in the rate of the sedimentation process and the quality of the material that is introduced to sediments. Lead-210 analyses did not show any significant changes in the rate of accumulation of sediments in the region of the Gdansk Basin (Suplińska and Pietrzak-Flis 2008; Beldowski and Pempkowiak 2009; Szmytkiewicz and Zalewska 2014) , while the concentration of organic matter observed in the present paper is similar to the data found in literature in the years 1999 (Bełdowski and Pempkowiak 2003 , which testifies to a similar nature of the material introduced to sediments at that time.
In the 1990s, Hg TOT concentrations in surface sediments in the areas of the Vistula mouth, central Gdansk Basin and Puck Bay remained fairly unchanged (Szczepańska and Uścinowicz 1994; Kannan and Falandysz 1998; Uścinowicz et al. 2011 ) (Fig. 6 ). An exception was the deep water region of the Gdansk Basin where the concentration of mercury increased in 1997, following a flood in the River Oder, the second largest river in Poland. That flood, the largest in 50 years, lasted 5 weeks during which the Baltic received a volume of water equivalent to 50 % of the mean annual Oder discharge, while the average flow of the river at that time was more than six times greater than normal (Siegel et al. 1999) . The flood water introduced to the Bay of Pomerania a mercury load that was five times higher than the values measured at other times (Pohl et al. 2002) . The solution, enriched with mercury, could have been transported eastwards in the direction of the Słupsk Trough and further to the region of the western incline of the Gdansk Deep, aided by the near-bottom currents in that area (Piechura et al. 1997; Bełdowski and Pempkowiak 2007) . Increased sedimentation of the polluted material in the area of station GD4 was reflected by the volume of the gross mercury input to the sediments (ΔHg TOT ) (Fig. 6) . The mean values calculated for the period 1994-1997 for that area were twice as high as during [1991] [1992] [1993] (Fig. 6) . The significant influence of a flood and, consequently, of the increased load of mercury introduced into the basin on a rise in its input to surface sediments was also observed in the central part of the Gdansk Basin and the Vistula River mouth following a Vistula flood . Extreme rainfall lasting nearly a month had led to many pollutants being washed off the land (e.g. landfills, cemeteries and septic tanks) and transported into the Baltic Sea. The time of the Vistula flood was characterised by a river flow that was three times greater than at other times. As a result, the inflow of mercury in 2010 in the Vistula River mouth area increased nearly 20 times. Subsequent, less extreme but nevertheless intense rainfall influenced the mobilisation of the suspension deposited during the flood in the river trough, which resulted in increased mercury deposition persisting during 2011 and 2012 (Fig. 6) . Increased deposition was observed not only in the area of station VW but also in the central part of the Gdansk Basin. In that region, ΔHg TOT was similar in 2010 and 2011, probably due to suspension from the coastal zone having been transported to an area of quiet sedimentation, which in the Baltic takes place as a cycle of sedimentation and resuspension Christiansen et al. 2002) . The transportation of fine-grained sediment suspension from the shallow, high-energy areas in the coastal zone to sedimentation basins may take from a few months to more than a year and leads to raised metal concentrations in seabed sediments en route of such transportation .
The Puck Bay, owing to its high current velocities (Zajaczkowski et al. 2010), does not accumulate pollutants introduced via the Vistula River, which is why no distinct influence of the 2010 flood was observed there. In the 2011-2013 study period, the inflow of mercury remained fairly stable. The slight increase of ΔHg TOT to sandy sediments of the bay observed in 2012-2013, compared to 2011, was probably caused by the fact that, unlike in 2011, the bay was covered with ice in the winter season of 2012 and 2013. In winter, the stream of mercury bound to atmospheric precipitation is distinctly higher than in summer, due to emission from fossil fuel combustion (Bełdowska et al. 2012) . The icing close to the shore and watercourse outlets limited the transportation of the suspension from land into the bay during winter, while during melting the mercury from the land was distributed mainly close to the outlets. This led to mercury concentrations increasing locally in sandy sediments of the coastal zone (PB1-PB7). No such tendency was observed in the area of station PB8, as the run-off does not easily reach this region (no river outlets or small strip of land). Here, the raised deposition in 2012 could have been caused by the remobilisation of mercury, which became deposited in shallower regions of the Gulf of Gdansk, as this area is covered in silty sediments, indicating undisturbed sedimentation. ) in 1991 -1993 (Szczepańska and Uścinowicz 1994 ), 1994 (Boszke 1999 Uścinowicz et al. 2011 ), 1992 (Bełdowski and Pempkowiak 2007 ; 2010 (Bełdowski et al. ) and 2011 (Bełdowski et al. -2013 common in coastal waters, make it difficult to characterise the overall mercury concentration for a given area based on contemporary measurements. Moreover, the observed differences do not follow a systematic trend, which could be attributed to emission history. Although some decreasing trend of mercury concentration in surface sediments could be deduced, the data contain a lot of noise and determination coefficients are not very high (0.16 to 0.59), with the exception of the silty area of Puck Bay (0.89), which may result from a shorter data series. The noise observed in the temporal trend, especially in coastal areas, results most probably from climate-related parameters, such as extreme events and the magnitude of icing, as well as the remobilisation and transport of mercury between different areas. It follows from observations that in the present situation, when mercury emission has been successfully inhibited, concentrations of this metal in sediments reflect natural metal migration processes rather than the direct influence of anthropogenic sources.
The above observations are of considerable importance as climate changes in the study regions are progressing towards ever warmer winters which will, in turn, lead to the shortening of the duration and surface area of icing on the bay. Furthermore, forecasts of climate change predict more frequent downpours of rain that will lead to floods and periodic inundations.
